Main results
We included four RCTs involving a total of 57 participants ranging in age from 11 to 33 years. The interventions evaluated were corticotomies to facilitate orthodontic space closure or alignment of an ectopic maxillary canine, with the effect of repeated surgical procedures assessed in one of these studies. The studies did not report directly on the primary outcome as prespecified in our protocol: duration of orthodontic treatment, number of visits during active treatment (scheduled and unscheduled) and duration of visits. The main outcome assessed within the trials was the rate of tooth movement, with periodontal effects assessed in one trial and pain assessed in one trial. A maximum of just three trials with small sample sizes were available for each comparison and outcome. We assessed all of the studies as being at unclear risk of bias.
Tooth movement was found to be slightly quicker with surgically assisted orthodontics in comparison with conventional treatment over periods of one month (MD 0.61 mm; 95% CI 0.49 to 0.72; P value < 0.001) and three months (MD 2.03 mm, 95% CI 1.52 to 2.54; P value < 0.001). Our results and conclusions should be interpreted with caution given the small number of included studies. Information on adverse events was sought; however, no data were reported in the included studies.
Authors' conclusions
This review found that there is limited research concerning the effectiveness of surgical interventions to accelerate orthodontic treatment, with no studies directly assessing our prespecified primary outcome. The available evidence is of low quality, which indicates that further research is likely to change the estimate of the effect. Based on measured outcomes in the short-term, these procedures do appear to show promise as a means of accelerating tooth movement. It is therefore possible that these procedures may prove useful; however, further prospective research comprising assessment of the entirety of treatment with longer follow-up is required to confirm any possible benefit.
P L A I N L A N G U A G E S U M M A R Y

Surgical procedures for accelerating orthodontic treatment
Review question
Orthodontic treatment (use of braces) is lengthy, typically taking over 18 months to complete, with brace adjustments required every six weeks or so. Usually brace treatment is carried out without the use of surgery. However, special surgical procedures have been proposed to speed up orthodontic treatment. This review, produced through the Cochrane Oral Health Group, examines the merits and risks of surgical methods for speeding up orthodontic treatment compared to standard orthodontic treatment in adolescents and adults.
Background
Reduction of orthodontic treatment duration is highly desirable. Surgery has been advocated to speed up tooth movement and may work by stimulating cells adjacent to the teeth or by reducing the resistance presented by the supporting bone and mechanically shifting teeth. These procedures are relatively new and may carry additional risks compared to standard treatment.
Outcomes
Illustrative comparative risks* (95% CI) Relative effect (95% CI)
No of Participants (studies)
Quality of the evidence (GRADE)
Comments
Assumed risk Corresponding risk
Conventional treatment Surgical adjuncts
Duration of orthodontic treatment, number of visits during active treatment (scheduled and unscheduled) and duration of visits --Not reported
Orthodontic tooth movement in mm (3 months)
The mean orthodontic movement in the control groups was 3.0 mm 1 The mean orthodontic movement in the intervention groups was 2.03 mm higher (1.52 Gingival and periodonal problems only were assesed in 1 study (AboulEla 2011) . No precise data were given, although no statistical difference (P value > 0.05) in plaque resorption)
index, attachment loss, gingival recession and probing depth were found up to 4 months postoperatively. Gingival index scores were significantly higher (P <0.05) on the operated side compared with the unoperated side after 4 months *The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI) .
CI: Confidence interval GRADE Working Group grades of evidence
High quality: further research is very unlikely to change our confidence in the estimate of effect Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate Very low quality: we are very uncertain about the estimate
B A C K G R O U N D
Approximately one-third of adolescents in the UK have an abnormal bite or malocclusion that might benefit from orthodontic (brace) treatment. The majority of comprehensive orthodontic treatment is undertaken with fixed appliances; treatment durations of 18 to 24 months are usual. Treatment tends to be more prolonged in certain scenarios; for example, in combined orthodontic-surgical cases (O'Brien 2009), in adults and in the management of ectopic canines (Fleming 2009 ). Shorter treatment times would offer benefits both to patients and providers, limiting cost and inconvenience, and would reduce the likelihood of iatrogenic consequences of treatment including root resorption and decalcification.
A range of surgical and non-surgical techniques to reduce the duration of orthodontic treatment have been proposed in recent years. These techniques include surgical adjuncts, vibratory stimulation, low-level laser therapy, customisation of appliances and routine avoidance of extractions. Surgical techniques geared towards reducing treatment times have been collectively described as 'surgically assisted orthodontics'. These procedures encompass four main approaches: distraction of the periodontal ligament; distraction of the dento-alveolus; alveolar decortication; and corticision. Each of these raise the possibility of dramatically reducing treatment times; however, they are relatively invasive and carry associated risks.
See Table 1 -'Glossary of unfamiliar terms'.
Description of the condition
Orthodontic treatment is undertaken to address malocclusion. Approximately 35% of adolescents between 12 and 15 years in the UK are estimated to have a treatment need (Chestnutt 2006), with a further 8% within this age bracket already in treatment. There is also commonly a residual need for treatment in older age groups, with up to 34% of young adults complaining of irregular anterior teeth (Josefsson 2010); and an increasing demand for orthodontics in adulthood. Only 35% of adults in the United States were found to have aligned mandibular anterior teeth (Proffit 1998). Definitive correction of malocclusion typically involves upper and lower fixed appliances and may also involve extraction of teeth and occasionally orthognathic surgery. Treatment of this nature can be expected to take somewhere in the region of 18 to 24 months and usually involves re-activation of the appliance at intervals of between 4 and 10 weeks. Successful interventions to reduce the duration of treatment would clearly be advantageous with time savings for both clinicians and patients, and a likely decrease in associated costs and inconvenience. In particular, acceleration of treatment may be advantageous in the presence of severe malocclusion or where prolonged treatment is likely, e.g. in situations where orthodontic treatment is combined with surgery in adult patients, and to effect mechanical eruption of ectopic canines. Patients with fixed appliances (braces) often have difficulty maintaining good oral hygiene, and this may lead to the development of white spot lesions due to demineralisation surrounding the attachments. Both demineralisation and root resorption are known to be time-dependent (Segal 2004) . Hence, by limiting the duration of treatment it might be possible to reduce the prevalence of these adverse side effects.
Description of the intervention
Surgically assisted orthodontics may involve any one of the following procedures to accelerate treatment:
• Distraction of the periodontal ligament (PDL): a surgical procedure on interseptal bone to reduce resistance to movement.
• Distraction of the dento-alveolus: a surgical procedure involving separation of the dental segment from the jaw bone to allow distraction osteogenesis in the osteotomy site.
• Alveolar decortication: a surgical procedure involving intentional surgical insult to alveolar bone, designed to accelerate tooth movement. This approach has been modified by the addition of bioabsorbable grafts (Wilcko 2001).
• Corticision: this is a more conservative surgical procedure to divide cortices transmucosally without reflecting a mucoperiosteal flap.
These interventions are usually undertaken in conjunction with fixed appliance-based treatment, with the surgical procedure being carried out prior to, or near the beginning of, treatment.
How the intervention might work
The mode of action of surgically assisted orthodontics depends on the precise intervention undertaken. Distraction procedures may expedite tooth movement by facilitating movement of teeth at a known rate, while other surgical procedures to accelerate orthodontic treatment rely on triggering heightened osteoclastic activity by inducing regional accelerated phenomena (Wilcko 2001) . These cellular mechanisms may result in a reduction in bone density, reducing the impediment to tooth movement (Teixeira 2010). When surgical adjuncts are used, it is standard practice to perform the procedure at the start of treatment with upregulation of inflammatory mediators facilitating tooth movement (Kim 2011). Assisted tooth movement during particular stages of treatment may be useful during particularly complex tooth movements; for example, retraction or mechanical eruption of maxillary canines. Consequently, it could be expected that overall treatment time would be reduced, with the potential to reduce costs and improve outcomes. However, the latter advantages are contingent on low surgical costs and the absence of surgical morbidity.
Why it is important to do this review
The duration of orthodontic treatment typically ranges from 18 to 24 months; consequently, there is a perpetual drive to reduce the duration of orthodontic treatment. An array of techniques and appliances, including surgically assisted orthodontics, vibratory stimulation, customisation of appliances and routine avoidance of extractions, have been proposed to achieve shorter treatment durations. Surgical techniques to accelerate treatment are a relatively recent development, having grown in popularity in recent years. While these procedures offer the possibility of dramatically reducing treatment times, the procedures are relatively invasive. The evidence concerning the effectiveness and potential harms of these approaches has not, however, been subjected to systematic review.
O B J E C T I V E S
To assess the effects of surgically assisted orthodontics on the duration and outcome of orthodontic treatment.
M E T H O D S
Criteria for considering studies for this review
Types of studies
Randomised controlled trials.
Types of participants
Individuals of any age receiving orthodontic treatment with fixed appliances (braces) with adjunctive use of surgery to increase the rate of tooth movement. We excluded studies including participants treated with orthognathic surgery or involving participants with cleft lip or palate or other craniofacial deformity/syndrome.
Types of interventions
Active interventions: any form of orthodontic treatment with fixed appliances, including extraction and non-extraction treatment with or without interproximal reduction (tooth size reduction), incorporating surgically assisted orthodontics to increase the rate of tooth movement. Control: any form of orthodontic treatment with fixed appliances, including extraction and non-extraction treatment with or without interproximal reduction, without use of surgically assisted orthodontics.
Types of outcome measures Primary outcomes
• The duration of orthodontic treatment, number of visits during active treatment (scheduled and unscheduled) and duration of visits was to be assessed. Where data relating to the overall duration of treatment were not available, the rate of orthodontic tooth movement was recorded based on the time periods assessed in the primary studies.
Secondary outcomes
• Harms arising during the course of orthodontic treatment including gingival and periodontal problems, anchorage loss and iatrogenic damage to teeth (e.g. caries or decalcification, root resorption)
• Patient-reported outcomes: impact of fixed appliances on daily life, quality of life and pain experience
• Patient satisfaction measured using validated questionnaires or scales
• Improvement in occlusion adjudged using Peer Assessment Rating (PAR) or other validated scale recorded at the completion of active orthodontic treatment
• Prolonged stability of treatment adjudged using an accepted scale
Search methods for identification of studies
To identify studies to be included or considered for this review, we developed detailed search strategies for each database searched. These were based on the search strategy we developed for MED-LINE and revised appropriately for each database (see Appendix 3).
Electronic searches
We searched the following databases:
• 
Searching other resources
We examined the reference lists of relevant articles and contacted the investigators of included studies by electronic mail to ask for details of additional published and unpublished trials.
Ongoing trials
We conducted searches in the following databases to identify ongoing trials (see Appendix 6 for details of the search strategy):
• metaRegister of Controlled Trials (mRCT) (to 10 September 2014);
• US National Institutes of Health Register (ClinicalTrials.gov)(to 10 September 2014);
• World Health Organization International Clinical Trials Registry Platform Search Portal (ICTRP) (to 10 September 2014).
Language
There were no language restrictions applied in the databases we searched.
Data collection and analysis
Selection of studies
Two review authors independently assessed the titles and abstracts of studies identified through the searches. We obtained full copies of all studies appearing to meet the inclusion criteria and those for which there were insufficient data in the title and abstract to make a clear decision. Two review authors assessed the full-text papers independently and resolved any disagreement on the eligibility of included studies through discussion with a third review author. From this group of studies, we recorded the studies that did not meet the inclusion criteria in the Characteristics of excluded studies section of the review and reported the reasons for exclusion.
Data extraction and management
We designed and piloted data extraction forms to record year of publication and country of origin, and details of the participants including demographic characteristics and criteria for inclusion. We entered study details into the Characteristics of included studies tables in Review Manager 5 (RevMan; RevMan 2011). Two review authors extracted data independently and in duplicate; any disagreements were resolved by consulting with a third review author. We extracted the following details if reported:
1. 
Assessment of risk of bias in included studies
At least two review authors independently assessed risk of bias in the included trials using Cochrane's tool for assessing risk of bias as described in section 8.5 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We compared the assessments and resolved any disagreements through discussion. We assessed the following domains as at low, high or unclear risk of bias:
1. Sequence generation (selection bias); 2. Allocation concealment (selection bias); 3. Blinding of participants and personnel (performance bias), and outcome assessors (detection bias);
4. Incomplete outcome data addressed (attrition bias); 5. Selective outcome reporting (reporting bias); 6. Other bias. We categorised and report the overall risk of bias of each included study according to the following:
• Low risk of bias (plausible bias unlikely to seriously alter the results) if all domains were assessed as at low risk of bias;
• Unclear risk of bias (plausible bias that raises some doubt about the results) if one or more domains were assessed as at unclear risk of bias; or
• High risk of bias (plausible bias that seriously weakens confidence in the results) if one or more domains were assessed as at high risk of bias.
Measures of treatment effect
We calculated mean differences with 95% confidence intervals (CI) for continuous data. If dichotomous secondary outcomes are found in updates of this review, we will calculate odds ratios (OR) to be obtained with 95% CI.
Unit of analysis issues
We anticipated that some of the included studies would present data from repeated or multiple site observations (or both) on participants, which may lead to unit of analysis errors. Where this arose, we followed the advice provided in section 9.3.4 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011).
Dealing with missing data
In studies where data were unclear or missing, we contacted the principal investigators. If missing data were unavailable, we followed the advice given in section 16.1.2 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011).
Assessment of heterogeneity
We assessed clinical heterogeneity by examining the characteristics of the studies, the similarity between the types of participants, the interventions and the outcomes as specified in Criteria for considering studies for this review. We assessed statistical heterogeneity using a Chi² test and the I² statistic where I² values of 30% to 60% indicate moderate to high heterogeneity, 50% to 90% substantial heterogeneity, and 75% to 100% very substantial ("considerable") heterogeneity. We considered heterogeneity to be significant when the P value was below 0.10 (Higgins 2003).
Assessment of reporting biases
If a sufficient number of studies assessing similar interventions are identified for inclusion in this review when it is updated, we will assess publication bias according to the recommendations on testing for funnel plot asymmetry as described in section 10.4.3.1 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). If asymmetry is identified we will attempt to assess other possible causes, exploring these in the discussion if appropriate.
Data synthesis
We pooled data where studies had similar participants, interventions and outcomes. We calculated a weighted treatment effect with the results expressed as mean differences (MD) and 95% CI for continuous outcomes. We would have used OR and 95% CI for dichotomous outcomes. We used fixed-effect models for metaanalyses. In the presence of split-mouth design the inverse-variance method was used. The standard deviation (SD) of the difference was calculated using the formula: √ (sd1 2 +sd2 2 −2*r*sd1*sd2), where r = correlation coefficient between paired measurements. In the presence of sufficient information, the standard deviation was derived using calculated correlation coefficients, otherwise the calculation was based on the value of r = 0.5. Subsequently, the required standard error (SE) was calculated using SE = SD/ √ (n).
Subgroup analysis and investigation of heterogeneity
If a sufficient number of studies are included in future updates of this review, and if moderate, substantial or considerable heterogeneity is identified (see Assessment of heterogeneity), we plan to carry out subgroup analyses according to type of surgery used and age category (adolescents versus adults).
Sensitivity analysis
If a sufficient number of studies are included in future updates of this review, we plan to carry out sensitivity analyses to assess the robustness of our review results. This will involve repeating the analyses but excluding studies with a high risk of bias.
Summary of results
We produced a 'Summary of findings' table to highlight results of the main outcomes (the primary outcomes and 'harms').
We assessed the quality of the body of evidence with reference to the overall risk of bias of the included studies, the directness of the evidence, the inconsistency of the results, the precision of the estimates, the risk of publication bias and the magnitude of the effect.
We categorised the quality of the body of evidence for the primary outcomes as high, moderate, low or very low.
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Results of the search
The electronic searches resulted in 1076 references with a further two references identified through other sources. We examined the titles and abstracts of these for eligibility and all of those not matching the inclusion criteria were eliminated. Fourteen potentially relevant studies were identified. We obtained full-text articles of seven studies and registry entries for seven ongoing studies and subjected them to further evaluation. After further assessment, we eliminated three of the completed studies and three of the ongoing studies (see Characteristics of excluded studies). We therefore had four studies to include and four studies are ongoing ( Figure 1 ).
Figure 1. Study flow diagram
Included studies
We included four studies in this review (see Characteristics of included studies).
Characteristics of the trial settings and investigators
Three of the studies were carried out by consultants or specialists based in a university hospital ( 
Characteristics of the participants
A total of 57 (15 male and 42 female) participants were included in the four studies overall. The mean age of participants in the study involving extraction space closure was 19.2 years (Aboul-Ela 2011). Adults only were included in the studies concerning the rate of canine retraction (Alikhani 2013; Leethanakul 2014); however, younger participants were the focus of the other study, with an age range of 11.1 to 12.9 years (Fischer 2007). Limited information was given in relation to clinical characteristics; however, subjects with Class I malocclusion treated without extraction were included in one study (Fischer 2007) , while participants requiring maxillary first premolar extraction were included in the remaining studies (Aboul-Ela 2011; Alikhani 2013; Leethanakul 2014). Two of these studies were restricted to assessment of Class II division 1 incisor relationships (Aboul-Ela 2011; Alikhani 2013).
Characteristics of the interventions
Corticotomies were undertaken in the included studies to accelerate tooth movement, either to facilitate orthodontic space closure (Aboul-Ela 2011), or to accelerate alignment of an ectopic maxillary canine (Fischer 2007) . To facilitate space closure following maxillary first premolar extraction, corticotomy was undertaken at the same time as extraction. By raising a full-thickness submarginal Luebke-Ochsenbein flap and using a Number 2 bur in a low-speed hand piece, corticotomy perforations were made from the lateral incisor to the first premolar (Aboul-Ela 2011). The flap was subsequently replaced and the maxillary archwire (0.016 x 0.022 inch stainless steel) ligated, with nickel-titanium closed-coil springs, applying 150 g on each side used for space closure from miniscrew implants to hooks on the maxillary canine brackets.
In the study concerning surgical uncovering of maxillary canines, following surgical exposure of the ectopic canine a supplementary corticotomy was undertaken with a series of circular holes made with a 1.5 mm round bur along the bone mesially and distally adjacent to the impacted tooth (Fischer 2007) . These holes were spaced approximately 2 mm apart extending into the edentulous area into which the tooth was to be moved. Active orthodontic forces of approximately 60 g were subsequently placed after a twoweek hiatus. The study by Alikhani 2013 involved the use of repeated surgery. They described the use of micro-osteoperforations (MOPs) on three occasions throughout the course of treatment distal to the canines without elevation of a mucoperiosteal flap. Leethanakul 2014 used a more conservative surgical procedure with interseptal bone reduction performed from within the extraction socket without flap surgery. The extraction socket was deepened to the length of the canine apex, and the interseptal bone distal to the canine was reduced to 1 to 1.5 mm in thickness using round and cylindrical carbide burs. If present, the interradicular septal bone of the socket was also removed. The first premolar extraction socket was surgically widened in the buccopalatal dimension along the curvature of the root of the canine (Leethanakul 2014).
Control conditions
Conventional fixed appliance-based orthodontic treatment without surgical assistance was undertaken in all the included studies (Fischer 2007; Aboul-Ela 2011; Alikhani 2013; Leethanakul 2014) .
Characteristics of the outcomes
Outcomes assessed included objective assessments primarily, with subjective pain experience considered in one study (Alikhani 2013 
Excluded studies
We excluded four studies: three were nonrandomised and one involved comparison of two surgical approaches without a negative control group (see Characteristics of excluded studies).
Risk of bias in included studies
No study fulfilled all of the criteria, across all of the domains, to permit a judgement of low risk of bias. In the overall rating of the risk of bias, all four studies were graded as having an unclear risk of bias. Further details of these assessments are given in the 'Risk of bias' table corresponding to each study in the Characteristics of included studies section. Overall ratings are also presented in the 'Risk of bias' summary table (Figure 2 ).
Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study Allocation
The methods used to generate the allocation sequence and the method of concealing the sequence, such that participants and investigators enrolling participants could not foresee the upcoming assignment, are the most important and sensitive indicators for minimising bias in a clinical trial (Schulz 1995) . In two studies the method of sequence generation was unclear (Fischer 2007; Alikhani 2013) . Concealment of the allocation sequence was also not reported in three included studies (Fischer 2007; Aboul-Ela 2011; Alikhani 2013) .
Blinding
Whilst the challenges of blinding participants and personnel to the interventions considered in this review are recognised, in only two studies was it stated that the outcome assessments were independent of the investigators (Fischer 2007; Alikhani 2013) . In three of the studies it was unclear if foreknowledge of the allocated interventions by participants and personnel could have been prevented during the study (performance bias), therefore the judgement given for this domain was 'unclear' (Fischer 2007; Aboul-Ela 2011; Alikhani 2013). In two studies it was unclear whether the outcome assessors were 'blinded' to the allocated interventions (detection bias); a judgement of 'unclear risk' of bias was given for this domain (Aboul-Ela 2011; Leethanakul 2014). This domain was judged to be at low risk of bias in the other included studies (Fischer 2007; Alikhani 2013) .
Incomplete outcome data
In three included studies incomplete outcome data were reported and there were no losses to follow-up (Fischer 2007; Alikhani 2013; Leethanakul 2014) . In Aboul-Ela 2011 two participants were lost to follow-up.
Selective reporting
Although study protocols were unavailable, in general the outcomes listed in the 'Methods' section were comparable to the reported results; therefore we assessed all four studies as being at low risk of reporting bias.
Other potential sources of bias
There did not appear to be any reason for concern about other potential sources of bias in three of the included studies; the risk of other bias was considered unclear in one study due to a possible conflict of interest (Alikhani 2013).
Effects of interventions
See: Summary of findings for the main comparison Surgical adjunctive procedures compared to conventional orthodontic treatment for tooth movement
Surgical adjuncts versus conventional treatment Primary outcomes
Our prespecified primary outcome (the duration of orthodontic treatment, number of visits during active treatment (scheduled and unscheduled) and duration of visits) was not measured directly in the included trials. We report below on a surrogate outcome -rate of tooth movement with values of 1 mm per month being typical.
Rate of tooth movement at one month
This comparison included three trials that assessed differences in tooth movement between surgical and conventional methods after one month of treatment. The pooled estimate of 0.61 mm (95% CI 0.49 to 0.72; P value < 0.001) indicates that the surgical intervention resulted in 0.61 mm more tooth movement during the first month; a statistically significant finding (Analysis 1.1; Figure  3 ). This comparison included two trials that assessed differences in tooth movement between surgical and conventional methods after three months of treatment. The pooled estimate of 2.03 mm (95% CI 1.52 to 2.54; P value < 0.001) indicates that the surgical intervention resulted in 2.03 mm more tooth movement after three months of treatment; a statistically significant finding (Analysis 1.2; Figure 4 ). The trial by Fischer 2007 involved comparison of the rate of tooth movement over a minimum period of 40 weeks; however, the results were reported as tooth movement in millimetres per week and, while the rate of tooth movement was reported as significantly higher for the corticotomy group compared to the conventional group (mean difference = 0.08 mm/week, 95% CI 0.05 to 0.11; P value < 0.001), changes at comparable time points were not given, precluding direct comparison with follow-up of no more than 54 weeks in the corticotomy group and no less than 60 weeks in the control group.
Secondary outcomes
Our prespecified secondary outcomes of patient satisfaction, improvement in occlusion, and prolonged stability of treatment were not measured in the trials.
Harms arising during the course of orthodontic treatment: periodontal
Periodontal health was considered in just one study (Aboul-Ela 2011) . In this study a full-thickness submarginal mucoperiosteal flap was raised with corticotomy perforations made at the time of extraction only (Aboul-Ela 2011). No statistical difference (P value > 0.05) in plaque index scores, attachment loss, gingival recession and probing depth values were found up to four months postoperatively. However, gingival index scores were significantly higher (P < 0.05) on the operated side compared with the unoperated side after four months.
Patient-reported outcomes: pain experience
Pain experience was compared between surgical and non-surgical cases in a single study (Alikhani 2013) . Within 24 hours of appliance activation and canine retraction, both groups reported higher levels of discomfort compared with the levels before retraction; however, the difference between the control and experimental groups was not statistically significant (P > 0.5). Pain was reported for up to seven days, although no statistical difference between the groups was noted during that period (Alikhani 2013).
D I S C U S S I O N
The use of surgical and non-surgical adjunctive procedures within orthodontics to accelerate treatment has become commonplace in recent years. In particular, treatment is known to be lengthier in adult patients and in the correction of specific occlusal problems, such as the management of ectopic canines and closure of extraction spaces. With any surgical procedure there are associated risks; on the basis of the present review there is limited evidence demonstrating a significant advantage of these procedures relative to the possible associated risks and potential complications. The optimal approach to comparing the effectiveness of surgical interventions to conventional treatments is the randomised controlled trial as the potential for bias and confounding variables can be kept to a minimum.
The objectives of this systematic review were to undertake a complete analysis of outcomes both from an objective viewpoint and with respect to patient reports. Outcomes assessed within the selected studies were primarily clinician-centred. In just one trial was subjective pain measured. Moreover, given that repeated surgical interventions are occasionally suggested, it is important that the effects of these repeated procedures on periodontal health be evaluated. It is therefore important that future studies consider patient-centred outcomes. It would also be important that investigators are consistent in relation to both the objective and subjective core outcomes that are assessed within future studies; and that investigators report studies consistently and transparently.
While we aimed to assess the effect of surgical adjunctive therapy on the duration of orthodontic treatment, pooled comparisons were only possible up to a maximum period of four months. In all the assessed studies space closure or the time taken to move individual teeth were used as surrogate measures of the overall effect of the surgical therapy. There is therefore a need for further research covering the entirety of treatment as it is possible that the possible benefit of surgical adjuncts may be diluted over a course of treatment, rendering it of little value.
The limited amount of evidence identified in this review may reflect the relative infancy of this approach to orthodontic treatment. There does, however, appear to be low quality evidence pointing to some potential value for these procedures, although we were unable to assess the prespecified primary outcome concerning the overall duration of treatment. A number of registered clinical trials were identified in this area; hopefully, results from these studies will be forthcoming before long. A further finding was that a range of surgical procedures were examined within the identified studies. An agreed surgical protocol has yet to emerge; for example, some studies recommended flapless procedures, while others recommended reflection of full-thickness mucoperiosteal flaps. As further research is published in this area, there will be evidence to inform the specifics of individual surgical procedures.
Summary of main results
We included four studies, all of which were assessed as having unclear risk of bias. A total of 57 participants were included overall; numbers were therefore very limited. The combined results and conclusions should therefore be interpreted with caution. Corticotomies were undertaken to accelerate tooth movement for separate indications: to facilitate space closure (Aboul-Ela 2011); to accelerate canine retraction (Alikhani 2013; Leethanakul 2014); or to align an ectopic maxillary canine (Fischer 2007) . A range of surgical techniques were also used in the included studies with repeated surgery used in one trial (Alikhani 2013). The chief outcome assessed was the rate of tooth movement per unit time. Pain scores were also assessed in one study (Alikhani 2013) . Limited pooled data in relation to the rate of tooth movement indicated a potential benefit associated with adjunctive surgery to accelerate orthodontic treatment. However, these results should be viewed with caution given the low number of participants considered. Moreover, the assessments were confined to a relatively short period at the beginning of orthodontic treatment; the potential impact of the surgical procedures may therefore be overstated.
Overall completeness and applicability of evidence
We planned to assess the impact of surgical adjunctive therapy on the overall duration of orthodontic treatment. However, metaanalysis was undertaken over a maximum period of three months. Surrogate measures of the overall effect of the surgical therapy were used in each trial. There is therefore a need for further research covering the entirety of treatment and measuring the overall duration of treatment, appointment duration and number of required visits. Little emphasis was placed on patient-reported measures and none on adverse effects of the surgical intervention, which were not measured in the studies included in this review. Moreover, a range of surgical protocols and conditions were assessed in the included studies. Further research concerning the relative merits of specific surgical protocols, single surgery versus repeated surgery, and in a range of orthodontic conditions is required.
Quality of the evidence Limitations in study design and implementation
Although the overall design of the included studies was generally adequate, our assessments of risk of bias exposed limitations in the quality of the included studies. A number of methodological and reporting aspects required clarification. In particular there was poor reporting, with the methods used to generate the sequence to conceal the allocation, and the measures taken to blind investigators and participants requiring clarification in a number of studies (Table 2) . While it was possible to blind the outcome assessors in each of these studies, this was not universally reported. Independent postoperative evaluation could have helped to limit the effects of subjectivity in the assessment of these outcomes. Blinding of the investigators to the interventions is more complex; however, it is possible particularly when flapless surgical procedures are used. Nevertheless, blinding of operators was rarely reported.
Indirectness of the evidence
The objective of this review was to assess the effect of adjunctive surgical procedures on the duration of orthodontic treatment; ideally this would involve comparison of the time taken to complete a course of orthodontic treatment by conventional means and with adjunctive surgical procedures. However, no completed trials investigating the overall duration of treatment were found; surrogate measures of treatment efficiency including the rate of space closure, the rate of canine retraction, and the time taken to align an ectopic canine. These measures are likely to be indicative of the effect of the surgical procedures on the duration of orthodontic treatment; however, given that they constitute just one element of treatment, it is possible that use of these measures may overstate the impact of the procedures on the rate of tooth movement. The included studies were undertaken predominantly on skeletally-mature individuals; it is therefore not possible to confirm the effectiveness of these procedures on adolescent populations. Furthermore, data relating to patient-preferred outcomes were very limited, with patient-centred outcomes largely overlooked and no assessment of the impact of the surgical procedure on quality of life. However, the research settings were representative with three studies undertaken in either hospital or university centres.
Inconsistency of results
The presence of clinical heterogeneity and the inability to extract much usable data made it difficult to further assess the consistency of the results between the studies.
Imprecision of results
The rather limited number of studies, of limited sample size and relatively short duration and examining various interventions, that were included in this review did not permit any substantive assessment of the degree of precision of effect.
Publication bias
Every effort was made to identify additional published and unpublished studies. Given that no more than three studies comparing similar interventions were found, funnel plot assessment of publication bias was not possible (Higgins 2011).
Potential biases in the review process
Efforts were made to limit bias in the review process by ensuring a comprehensive search for potentially eligible studies. The independent, duplicate assessments of eligibility of studies for inclusion in this review and the extraction of data limited the likelihood of additional bias.
Agreements and disagreements with other studies or reviews
While this review only considered randomised controlled trials, its findings concur with those of a recent systematic review and meta-analysis that analysed randomised controlled trials, controlled clinical trials and case series involving more than five participants (Hoogeveen 2014). The authors of that review could only identify studies of low to moderate methodological quality and alluded to a temporary acceleration of tooth movement and no deleterious effects related to the procedures. The authors warned that the results be interpreted with caution in view of the limited level of evidence obtained allied to the short duration of follow-up. Other recent reviews have been carried out, focusing either exclusively on RCTs (Kalemaj 2015); or both on RCTs and controlled clinical trials (Long 2013; Gkantidis 2014). The review by Kalemaj 2015 suggested that surgically-assisted procedures may have a short-term effect, which may diminish over time. Overall, similar findings were found to those identified in the present review. Despite the inclusion of both surgical and non-surgical interventions within these reviews, no definitive conclusions were reached and a requirement for further research reported (Long 2013; Gkantidis 2014; Kalemaj 2015) .
A U T H O R S ' C O N C L U S I O N S Implications for practice
There is a limited amount of low quality evidence concerning the effectiveness of surgical interventions to accelerate orthodontic treatment. While significant inter-individual variation exists, a rate of tooth movement of 1 mm per month is considered representative during orthodontic space closure. Based on short-term research, these procedures do appear to show promise as a means of accelerating tooth movement, although no studies directly assessing the prespecified primary outcome were identified. It is therefore possible that these procedures may prove useful. However, further prospective research comprising assessment of the entirety of treatment with longer follow-up is required to confirm any possible benefit.
Implications for research
Designing and recruiting to a randomised controlled trial concerning the effectiveness of an elective, adjunctive surgical intervention is potentially problematic. For obvious reasons participants may be reluctant to be randomly allocated to an unproven surgical procedure. Nevertheless, there is a persistent need for more comprehensive trials assessing the effectiveness of adjunctive surgical procedures on the duration of orthodontic treatment.
A key limitation of the literature assessed was the brevity of the clinical trials, with research restricted to a short period at the beginning of treatment, often aiming to achieve a specific occlusal goal. Orthodontic treatment is a lengthy process encompassing a series of phases and a range of occlusal objectives. It is therefore important that the effectiveness of surgical adjuncts is measured throughout the complete course of treatment, as it is possible that any potential benefit of the procedure may dissipate over the course of treatment. While this does not necessarily invalidate the procedure, it suggests that the indications for surgical adjuncts may be more limited than the existing body of research currently suggests. A further consideration in future studies includes the assessment of the relative impact of single versus repeated procedures. Moreover, if repeated procedures are undertaken it is important that the periodontal effects are assessed.
Given that adjunctive procedures constitute the addition of a surgical procedure to an otherwise non-surgical course of treatment, it is important that both the possible adverse effects of treatment and the impact of the procedures on patient experiences be assessed. At present, most of the outcome measures used in clinical trials are not standardised patient-oriented outcome measurements. There is a pressing need for the development of an accepted set of patient-oriented outcomes within many specialties, including orthodontics. Addressing these measures during future studies will help to capture both the objective and subjective implications of surgical adjuncts and will facilitate meta-analysis by involving agreed, relevant and consistent outcomes. 
A C K N O W L E D G E M E N T S
C H A R A C T E R I S T I C S O F S T U D I E S Characteristics of included studies [author-defined order]
Aboul-Ela 2011
Methods 
Interventions
After orthodontic alignment miniscrew implants (AbsoAnchor Dentos, Daegu, Korea; diameter, 1.3 mm; length, 8 mm), were placed bilaterally between the maxillary second premolar and the first molar in both groups INTERVENTION: on the corticotomy side the premolar was extracted, a full-thickness submarginal Luebke-Ochsenbein flap was raised and, using a Number 2 bur in a lowspeed hand piece, corticotomy perforations were made from the lateral incisor to the first premolar region to a depth approximating the width of the buccal cortical bone. The flap was subsequently replaced and the maxillary archwire (0.016 x 0.022 inch stainless steel) ligated, with nickel-titanium closed-coil springs applying 150 g on each side used for space closure from the miniscrews to the canine hooks CONTROL: a premolar was extracted on the contralateral side 1 day prior to the corticotomy procedure
Outcomes
The following outcomes were assessed on a monthly basis over a 4-month period:
• Antero-posterior movement in mm of the maxillary canines and first molars Low risk Two subjects failed to complete with reasons given. Page 254: 'We started with 15 patients, but 2 patients were excluded from the study -1 because of multiple missed appointments and the other because of poor oral hygiene.' Comment: given that failure to complete was reported with reasons given and that these represented less than 20% of the sample, we judged this as at a low risk of bias Selective reporting (reporting bias) Low risk The protocol for the study was not available, but the prespecified outcomes and those mentioned in the methods section appeared to have been reported Comment: we judged this as at a low risk of bias
Other bias Low risk Comment: the study appeared to be free of other forms of bias
Alikhani 2013
Methods Split-mouth randomised controlled trial Setting: NYU graduate clinic, New York, USA Participants N = 20 (8 male, 12 female, 10 per group) Age range: 19.5 to 33.1 years, mean age 24.7 years for the control group and 26.8 years for the experimental group INCLUSION CRITERIA: age range: 18-45 years, Class II division 1 malocclusion, no systemic disease, no radiographic evidence of bone loss, history of periodontal therapy, or active periodontal disease, non-smokers, non-gingivitis or untreated caries, probing depth < 4 mm in all teeth, gingival index < 1, plaque index < 1 EXCLUSION CRITERIA: long-term use of antibiotics, phenytoin, cyclosporin, antiinflammatory drugs, systemic corticosteroids, and calcium channel blockers Poor oral hygiene for more than 2 visits, extreme skeletal Class II malocclusion, overjet > 10 mm, Pg-N perpendicular > 18 mm, ANB > 7, SN-GoGn > 38
Interventions Maxillary premolar extractions followed by initial alignment preceded the micro-osteoperforations (MOPs) or control space closure interventions EXPERIMENTAL: received MOPs on either the right or left side. Three MOPs were performed distal to the canines both before and during canine retraction using a disposable MOP device (PROPEL Orthodontics, Ossining, NY). A mucoperiostal flap was not raised, and neither anti-inflammatories or antibiotics were prescribed CONTROL: no MOPs. Canine retraction was achieved using calibrated 100 g nickel-titanium coil springs from a temporary anchorage device to a power arm on the canine bracket. Load deflection analysis for the 100 g spring showed that the force level remained relatively constant for decreases of 0.5 to 1.5 mm in the length of the spring after initial activation (data not shown)
Outcomes
• Distance of movement of maxillary canine in mm per unit time. The distance between the canine and the lateral incisor was assessed before and after canine retraction at 3 anatomical points: incisal, middle, and cervical thirds of the crowns. All cast measurements were made using an electric digital callipers (Orthopli Corp, Philadelphia, PA) with an accuracy of 0.01 mm
• Gingival crevicular fluid (GCF) samples. GCF was collected to evaluate the level of inflammatory response before orthodontic treatment, immediately before the start of canine retraction, and at each subsequent visit, between 10 a.m. and 12 noon
• Pain experience -discomfort was assessed on the day of appliance placement, the day of canine retraction, and subsequently at 24 hours, 7 days and 28 days after canine retraction with a numeric rating scale. Participants were instructed to choose a number (from 0 to 10) that best described their pain: 0 would mean "no pain" and 10 would mean "worst possible pain".
Funding source
No funding declared Declaration of interests NYU has filed a patent on microperforations. Propel Orthodontics Inc. licensed the patent and developed a tool for the procedure but did not participate in, or support, the study. NYU purchased the Propel tools used in this clinical trial
Notes
Risk of bias
Bias
Authors' judgement Support for judgement
Random sequence generation (selection bias)
Unclear risk Procedure was not specified. The authors state that participants were "randomly assigned to one of the study groups" (Page 640) Comment: authors were emailed for clarification but the risk of selection bias remained unclear (See Table 2 )
Allocation concealment (selection bias) Unclear risk Allocation concealment was not reported. The authors state that participants were "randomly assigned to one of the study groups" (Page 640) Comment: authors were emailed for clarification but the risk of selection bias related to allocation concealment remained unclear
Blinding of participants and personnel (performance bias) All outcomes
Unclear risk Blinding was not feasible. "The subjects and the residents administering the treatment were aware of the group assignment and therefore were not blinded." (Page 640) . It is unclear whether lack of blinding would affect the outcome Blinding of outcome assessment (detection bias) All outcomes Low risk Page 640: "The investigators performing the measurements and data analysis were blinded from the group assignments." Comment: probably done Incomplete outcome data (attrition bias) All outcomes
Low risk No dropouts
Selective reporting (reporting bias) Low risk The protocol for the study was not available, but the prespecified outcomes and those mentioned in the methods section appeared to have been reported Comment: we judged this as at a low risk of bias.
Other bias Unclear risk NYU has filed a patent on microperforations. Propel Orthodontics Inc. licensed the patent and developed a tool for the procedure but did not participate in or support the study. NYU purchased the Propel tools used in this clinical trial. It is unclear surgical procedure INTERVENTION: extraction combined with interseptal bone reduction was performed on the experimental side. The surgical procedure was performed inside the extraction socket of the maxillary first premolar without flap surgery, deepening the socket to the length of the canine apex. The interseptal bone distal to the canine was reduced to 1 to 1. 5 mm in thickness using round and cylindrical carbide burs. If present, the interradicular septal bone of the socket was also removed. The first premolar extraction socket was surgically widened in the buccopalatal dimension along the curvature of the root of the canine CONTROL: traditional extraction of the first premolar without an adjunctive surgical procedure.
A power arm fabricated from 0.021 X 0.025-inch stainless-steel archwire was attached to the mesial end of each canine bracket, with the height of the hook approximately the same as the vertical position of the mini-implant, and an elastomeric chain attached to the mini-implant was used to retract the canine. A lingual button was placed on the palatal surface of each canine and first molar. A force was applied on the palatal side by attaching an elastomeric chain between the buttons of the canine and first molar. 
Inclusion criteria
• (15) Adolescent and adult subjects ages 18 to 55 years old, in good general health, with adult or mixed dentition, regardless of presence of third molars.
• Healthy subjects (American Society of Anesthesiologists Class I)
• Periodontal or gingivitis diseases must be addressed prior to study enrolment: Probing Depth < 5mm, Gingival Index < 1, Plaque Index = 1
• If any caries is present, patient will be referred to dentist for treatment and maintenance before beginning treatment
• Able to understand English, follow simple instructions and sign informed consent Exclusion criteria
• Subjects who have taken any local or systemic antibiotics, corticosteroids or periodontal medications in the previous six weeks
• Subjects with extreme skeletal Class II: Overjet > 10mm, (Pogonion to Nasion Perpendicular line) PgNper > 18 mm, A point Nasion B point (ANB) > 7, Sella Nasion line to Gonion Gnathion Line (SNGoGN) > 38 degrees
• Vulnerable subjects who unable to consent for themselves Interventions Minimally invasive micro-osteoperforation procedure to accelerate orthodontic tooth movement. Microosteoperforation (PROPEL) was to be conducted under local or topical anaesthesia after the appliance was placed. The procedure was to be randomised to either the left or right side in each subject. Following the procedure, chlorhexidine rinses were to begin twice a day for a week Distraction osteogenesis Also known as osteodistraction. It is a surgical procedure used to correct skeletal deformities by lengthening bones at a known rate. This technique has been adapted to facilitate movement of tooth-bearing portions of bone. Variants of distraction osteogenesis include:
A D D I T I O N A L T A B L E S
• Distraction of the periodontal ligament (PDL): a surgical procedure on interseptal bone to reduce resistance to movement
• Distraction of the dento-alveolus: a surgical procedure involving separation of the dental segment from the jaw bone to allow distraction osteogenesis in the osteotomy site
Ectopic canine
Abnormal position of a canine tooth; usually a maxillary canine Iatrogenic Condition caused or exacerbated by medical examination or treatment We would be grateful if you could possibly provide further information on the following so we can properly assess your trial: 1. Randomisation: you mention that: "randomly assigned to one of the study groups". Could you possibly provide further details on how you actually prepared and implemented randomisation to the control or intervention group? Did you use any mechanisms such as restrictions to balance between left and right sides during the allocation the MOPs? You also state that: "The patients were divided randomly into 2 groups with similar severities of malocclusion (P . 0.05) (Table III) ". I assume you used stratification to assure balance on baseline characteristics between treatment groups? How many strata and which ones did you use? How did you implement allocation concealment? 2. We understand that blinding the investigator/patient was not feasible. Do you think this has an im- 
D E C L A R A T I O N S O F I N T E R E S T
S O U R C E S O F S U P P O R T Internal sources
• Bahrain Centre of Excellence, Bahrain.
External sources
• National Institute for Health Research (NIHR), UK. The NIHR is the largest single funder of the Cochrane Oral Health Group.
Disclaimer:
The views and opinions expressed therein are those of the authors and do not necessarily reflect those of the NIHR, NHS or the Department of Health.
• Cochrane Oral Health Group Global Alliance, Other. The production of all our reviews is assisted by funding from our Global Alliance partners (http://ohg.cochrane. 
D I F F E R E N C E S B E T W E E N P R O T O C O L A N D R E V I E W
In view of the absence of data concerning the overall duration of orthodontic treatment, we used surrogate measures of the duration of treatment including the rate of tooth movement over a defined period.
We changed the presentation order of the secondary outcomes.
